The global climate is warming and most of the increase over the past 50 years was caused by human activities, according to an Intergovernmental Panel on Climate Change (IPCC) report [1]. The release of greenhouse gas (GHG)emissions from sources such as the burning of fossil fuels (e.g., coal and oil) and changes in land use (e.g., the elimination of forest cover, has steadily increased over the last 200 years, causing an accumulation of these gases in the atmosphere [101]. Recently, there have been some great efforts in quantifying GHG emissions from different sources. China and the USAwhich, together, are responsible for 40% of the world's emissions -have, especially since the Copenhagen Climate Summit, been in the spotlight regarding the issue of quantifying GHG emissions. However, that is now beginning to change as the Chinese government is making clear its own brand of energy-saving strategies. For instance, China's energy-efficiency targets are one of the most ambitious and environmentally progressive policies in the world. To meet those targets, China will need to develop a system to quantify energy consumption on an entity or corporate basis. As part of the capacity building initiative, in August of 2010, the National Development and Reform Commission (NDRC) in China announced that it would commence pilot projects in GHG accounting in five provinces (Guangdong, Liaoning, Hubai, ShaanXi and Yunan) and eight cities (Tianjing, Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang and Baoding). If such a monitoring system is to be accepted by the international community as a bona fide action in the context of international climate negotiations, it must be transparent, accurate and reliable, in line with international standards and accompanied by a system of third-party verification. An online GHG and energy registry will support China's drive to meet its own energy targets, facilitate bilateral cooperation between China and the USA on climate change, and support China's participation in international agreements on GHG reduction. However, questions remain about how to implement such a tool, who should administer it and the m ethodology to use. (2010) 1(1) The system will play a pilot role for entities and allow them to measure energy consumption and GHG emissions in an accurate, consistent and verifiable way. This is the first step towards better energy management and the reduction of GHG emissions.
The global climate is warming and most of the increase over the past 50 years was caused by human activities, according to an Intergovernmental Panel on Climate Change (IPCC) report [1] . The release of greenhouse gas (GHG) emissions from sources such as the burning of fossil fuels (e.g., coal and oil) and changes in land use (e.g., the elimination of forest cover, has steadily increased over the last 200 years, causing an accumulation of these gases in the atmosphere [101] . Recently, there have been some great efforts in quantifying GHG emissions from different sources. China and the USAwhich, together, are responsible for 40% of the world's emissions -have, especially since the Copenhagen Climate Summit, been in the spotlight regarding the issue of quantifying GHG emissions. However, that is now beginning to change as the Chinese government is making clear its own brand of energy-saving strategies. For instance, China's energy-efficiency targets are one of the most ambitious and environmentally progressive policies in the world. To meet those targets, China will need to develop a system to quantify energy consumption on an entity or corporate basis. As part of the capacity building initiative, in August of 2010, the National Development and Reform Commission (NDRC) in China announced that it would commence pilot projects in GHG accounting in five provinces (Guangdong, Liaoning, Hubai, ShaanXi and Yunan) and eight cities (Tianjing, Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang and Baoding). If such a monitoring system is to be accepted by the international community as a bona fide action in the context of international climate negotiations, it must be transparent, accurate and reliable, in line with international standards and accompanied by a system of third-party verification. An online GHG and energy registry will support China's drive to meet its own energy targets, facilitate bilateral cooperation between China and the USA on climate change, and support China's participation in international agreements on GHG reduction. However, questions remain about how to implement such a tool, who should administer it and the m ethodology to use. The system will play a pilot role for entities and allow them to measure energy consumption and GHG emissions in an accurate, consistent and verifiable way. This is the first step towards better energy management and the reduction of GHG emissions.
STEP 1
Determine boundaries and base year, such as emissions and energy consumption, to include in your report
STEP 2
Select and apply for registry-approved methods for quantifying emissions and energy consumption for your sources
STEP 3
Report you emissions and energy consumption data using the ECR reporting tool; have your GHG report verified by a third party
STEP 4
Publish the data online; users can use the data for their own pruposes
Carbon Management (2010) 1(1) The ECR is a tool that empowers companies and entities to calculate and report energy consumption and GHG emissions on a voluntary basis. Almost any entity can report the energy consumption and GHG emission. These entities can be multinational corporations, state-owned enterprises and private or nonstate-owned supply clusters, as well as municipal governments and nonprofit entities.
In Spring 2009, the Innovation Center for Energy and Transportation (iCET) and TCR agreed to draft a methodology for an ECR program to be implemented in China, based on the North American model. The ECR was designed to serve a similar function as TCR in North America, but be carefully adapted to a Chinese context. With support from the Californian government, especially the California Environmental Protection Agency and its China program, iCET was able to take this first step toward producing measurable, verifiable and reportable data on GHG emissions and energy use in China. The reporting process for the ECR is shown in Figure 1 .
The protocol for energy & climate registry
The ECR's reporting protocol embodies GHG accounting best practices. The following sources provided important guidelines for the ECR protocol:
The WRI and the World Business Council for Sustainable Development (WBCSD) GHG Protocol Corporate Accounting and Reporting Standard (Revised Edition);
The International Organization for Standardization (ISO) 14064-1 Specification, with guidance at the organization level for quantification and reporting of GHG emissions and removals;
The California Climate Action Registry, General Reporting Protocol, and various industryspecific protocols; US Environmental Protection Agency Climate Leaders GHG Inventory Guidance;
The Climate Registry, general protocol, 2008.
The ECR protocol will continue to be refined and improved over time in order to add clarity and specificity and incorporate new developments in GHG accounting. The ECR is committed to continual improvement with comments and suggestions from stakeholders in China and international communities. The methodology needs to be road tested for adaptation to China. The question is how to best develop and adapt the GHG protocols (and ISO standards on GHG accounting) to a Chinese context effectively and successfully. The rigor and strict application of the highest international standards must be reflected in the ECR reporting guidelines, while at the same time they must be tailored to fit the Chinese political, economic and cultural environment.
For the most part, the reporting protocol for the ECR will be comparable to that of TCR and the GHG protocol. However, the ECR reporting guidelines will reflect a few key departures:
Entities reporting to the ECR may report GHG emission in units of tons of CO 2 , equivalent or energy consumption data measured in units of energy intensity per unit of GDP; The ECR implementation team is led by the iCET (a Beijing-registered nongovernment organization) and will also include many local nongovernment, business and government partners; The ECR reporting protocol will remain fixed regarding methodology, but flexible in terms of implementation. The implementation strategy will be reviewed twice a year to be kept abreast with the quickly changing regulatory environment.
The ECR must also take into consideration units used to measure electricity, fuel consumed, calendar used, rate of production, efficiency and emissions in China. The protocol will need to include Chinese emissions factors consistent with those used at the national level. iCET will also conduct a needs assessment to determine the organizational and geographic boundaries to use in the protocol.
The ISO is a network of the national standards institutes of 161 countries. ISO is the world's largest developer and publisher of international standards. Well known for its environmental management standards, ISO 14000 among others, in 2006, ISO launched a GHG accounting standard, ISO 14064 (Table 1) . This three-part standard is policy-and program-neutral, and outlines requirements for designing and developing a corporate GHG inventory (14064-1), requirements for quantifying, monitoring and reporting GHG emissions reductions (offsets) (14064-2), and for validation and verification of these activities (14064-3). Consistent with the GHG protocol principles, ISO guidance focuses on the process of developing these activities, rather than prescribing step-by-step calculation methods. Since there is a growing community of organizations that undertake ISO audits, these standards may increase the participation in GHG accounting.
In support of the accounting standard, the ISO community is now developing two additional standards: ISO 14065, which outlines requirements for a verification body to become accredited for this purpose, and ISO 14066, which is attempting to specify requirements for individuals to become accredited as GHG verifiers or validators. Since the ISO is program neutral, it can arguably be considered best practice to use an ISO-compliant process together with a GHG accounting program to report a GHG inventory.
The Chinese National Institute of Standardizations (CNIS) -a government agency and a project partner of the ECR -is currently working to adapt ISO standards. CNIS is the research institute of the Standard Administration of China, which is the agency that will formally adopt the standards. iCET is working with CNIS to develop a methodology for China. CNIS has adopted or is developing the standards described below.
ECR scopes
The ECR only calculate human-induced GHG emissions, which do not include natural causes (e.g., ocean, lake, terrestrial ecosystems and land change), although these are important (Figure 2) . The ECR follows the WRI/WBCSD GHG Protocol Corporate Standard in c ategorizing direct and indirect emissions into 'scopes' as follows:
Scope 1: all direct GHG emissions (with the exception of direct CO 2 emissions from biomass c ombustion);
Scope 2: indirect GHG emissions associated with the consumption of purchased or acquired electricity, steam, heating or cooling;
Scope 3: all other indirect emissions not covered in Scope 2, such as upstream and downstream emissions, emissions resulting from the extraction and production of purchased materials and fuels, transport-related activities in vehicles not owned or controlled by the reporting entity (e.g., employee commuting and business travel), use of sold products and services, outsourced activities, recycling of used products and waste disposal. The ECR also calculates biogenic emissions where applicable.
Software for the ECR
The latest CRIS (CRIS 3.0) has been developed by Mysis Plc [106] . It gives entities great flexibility to input, calculate, analyze and report the energy consumption and GHG emission, based on physical inventory and emission inventory. Entities can use the software to enter information about their organization. CRIS, the ECR reporting tool, collects data by gas and by activity for each year of a company's operations. By collecting this information over time in a standardized format, a company can develop an accurate baseline, and then a picture of its activities over time in a consistent manner. Companies build an inventory source by source and activity by activity. When verified by an accredited third party, data is publicly reported, providing a high level of assurance to both the company and the public regarding the quality of the data. The layout of the software is illustrated in Figure 3 .
The ECR pilot site
The project will begin in the southeastern province of Guangdong, with the intention to eventually expand to a national scale. Guangdong province was selected for the following reasons: first, it has a heavy manufacturing base. Although Guangdong is one of 30 provinces in China it has the largest GDP, which accounts for 12.5% of the nation's total. In 2007, Guangdong had the largest share of national exports at 30.3%. Second, Guangdong's manufacturing industries have a high concentration of carbon-intensive products: toys, textiles, petro chemicals, plastics, machinery, electronics and automobiles. Third, there is a heavy reliance on coal for energy in Guangdong. This does not distinguish Guangdong from other provinces in China but is still an important factor in the province's total energy use. Fourth, Guangdong has a high population density and high rate of urbanization. Moreover, because it is only 4 m above sea level, Guangdong province is more vulnerable to sea level rise than any other province in China.
Reasons for entities to join the ECR
With the pressure of climate change and energy shortages, companies have many reasons to join the ECR. Some of these reasons include: For leaders in fighting climate change, demonstrate green credentials, by using the most rigorous tools to measure and report the energy consumption and GHG emission so that companies have a solid basis upon which to manage their carbon emission;
To identify areas in which companies can reduce energy consumption so that the business cost is reduced;
To equip entities with the capacity to manage climate risk and prepare them for possible future regulation;
To improve competitiveness and to provide requested disclosures for supply chains for large international entities.
Benefits & challenges of GHG reporting in China
China presents a different work environment politically, economically and culturally than North America, where the registry was first pioneered. A list of the challenges the ECR implementation team has encountered and their respective solutions follows: Special Report Cheng, Green-Weiskel, Camp, Li, Fang & An
Executive summary
The current climate crisis has made quantifying energy consumption and greenhouse gas (GHG) emission a formidable task in mitigating climate change.
The Energy and Climate Registry quantifies energy consumption and GHG emissions in a measurable, reportable and verifiable way and is a necessary first solid step toward China's climate change mitigation strategy.
The Energy and Climate Registry will facilitate China's move toward becoming a more transparent, responsible, resource-efficient and energy self-sufficient country.
While there are clear challenges associated with capacity building for GHG reporting in China, there are also substantial and important benefits. For example:
The Chinese government is signaling on all levels (i.e., central, provincial and local) that it is taking climate change seriously and will reduce emissions in a verifiable way; China's National Development and Reform Com mission has signed a Memorandum of Cooperation with the US Environmental Protection Agency, which includes developing capacity to more accu rately measure GHG emissions in both countries and to build capacity for GHG inventories [107] ;
As concern builds about energy security, energy efficiency has an increasingly important role in central government planning;
International pressure is mounting and forcing the Chinese government to do something about climate change;
Local pollution is causing social unrest and instability leading to increased scrutiny of large emitting or noncompliant enterprises by both the public and the government;
China is rising as a leader in green technology, an industry that it views as a driver of innovation and economic growth as well as jobs;
Public enthusiasm for climate change mitigation policies is growing in China as is evidenced by the frequent references to low-carbon development as 'mainstream';
In China, it is potentially easier to measure Scope 3 emissions because many multinational companies have supply chains in China;
Owing to the large size and central control structure of most Chinese companies, the ECR will be able to measure carbon emissions and energy use at a higher level of the company, thereby incorporating more branches of the company's operations.
Future perspective
The precise quantification of energy and GHGs, in a way that is consistent across the globe, will be a key for climate change negotiation in future climate change summits for the next 20 years and beyond. The ECR project serves as the basis for Chinese entities to develop a climate action plan and generate data that represents an entity's GHG footprint using international best practices and meeting international standards on GHG accounting. The Chinese government will likely increase regulations related to the quantification of GHG emission in the future, and the ECR will serve as the blueprint for the development of a national and international GHG accounting system. 
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